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^ *M|-f^ ^>7l^^ T^Sfl* £#*Hr *\-% ^"71 

^ Nb x Ali- x O y (0<x<l, 0<y<l)-g: i^*Hr li^r Sr$°.S. *}±r ^7]^ 

* °H 45}, ^efl^ 3^*33 <g^e] ^ SL^ ZL^^ A>^-^ofl^ TMR «1 

7]- ±:7> *)t8-#ol ufl-f ^>7l *fl^ ^ Sl^H , *fl-f 

[*f|S3E] 

£ 2a 
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^r^l^^r ^i^l- ^ zl ^IS^^ {Magnet ores i stance device and manufacturing method 
thereof} 

.£ 1-^ ^sfl^ A10 x 5L^>^ Bi^^y ^7l^%V ^Hfr ^^§1 ufE]-^ ^ 

5. 2a T-fl^l 2f^ -g- £]*V Nb x Al;L- x O y (0<x<l, 0<y<l) B| ^ ^#-|r i^-*}^ B^ 

£ 3£- ^^5] ^Ajoflofl Ei\|^ 7>7l^* 0 V ^S^* M-Bf\£ 

£ 4a ^ £ 4b^r ^ ^Al^ofl o]*]- *}7]^%1 ^ ^ ^ 

TMR «1» M-b)-^ -LEflH°lcf. 

£ 5a ^ £ 5b^ -s °fl °fl ^*fl B^^ * r 7l*11r ^j-^ ^ ^o. 
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MR ^4 1^! <^^* ^ A oM?l 3^*8 ^>7l^%> i4 ^ ZL 2flS« 0 > 

<7> 7>7l7RV ^Hr 7>7l ofll^Hl o} ^^o] o]-§-*V ±4^^ E-i 7> 

71 7}*J- ^7>^1 ^301 ^Efl» £ lofl £Al^Cf. 7l4&(*l51Al) Aj-ofl ^J-^^ol ^ ^ 5} 
-H, ^71 ^J-^f, Aj-cfl ^ l^*}^, E ^ ^# ^ ^1 2^7>^#ol 
^^^Cf. ^l^r ^>7l7-l%1- afl l^H^/E^ 3M3f7*fl 2^H^ 

^^1^ W^#«^l ^tfl^O] ^WoV^Ml ^ ^l^-7> ^£1-^^ «#o] 7>7l 

^ ^-(Magnetic Tunnel Junction) ^ell- °1 -g-^r^ ^°lcf. °l2f Ei^^ 7>7l 7-1 %V 

^>7l 7-1 %V sfl c MRAM(Magnetic Random Access Memory) -f-21 #fM- i^tr^r. 

<8> o^7H X| 17J-7>H^(13)0. ^^#^1 SlSfl 7>3^ «J-^ol Jl^Slol ol§ Jl^f, 

(pinned layer^e}- Jfs ^ > ^ 2^H<3#^r aHl^l 5-1^-^1 <^fos w}^ ^ 

7V-B-#ole]. Jf-E-cf. si *}s}- i^o] tiVrflwj-^o] Tjo. oi 7 >5>^ TMR ^7^ ^ *} 7 ] 

-g-^r^ 7>7l7-l%Vol ^o> ^ ^^-7> jL^-cf. °1 ^ 7>7l7-l%V til (Magnetores i st ive Ratio; 
MR ul)^ t}~g- ^^-Ai 1S 3.^1}. 

1] 1 
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<10> MRWl7> ZL^#3f ^>-B-#2] ^ u o V ^# *^*>7l7> -g-°l*H "1"^ "0"^ 7l 

<n> MR«l7> ^ 7>7l 7^%V *|)S*}7l ^^M^ ^#(pin holeH&A^ 2:£7> #JL 

(2Aroot-meansquare ^^^-^o] -f^tb €-S-7> &cf. ^ihg; 

*r^-8r o].g-tb ^ol oicf. *}<g -ttsj-^^r 5.^ £iM (morphology), *| *1 

% v ^ 7H^ *fl^°l ^^-H JlsRr ^-§- 7}-*ltf. 

°r <#jr*V 7fl^^2^ ^^-i: 7^i|, &t£o) l-^-^*b 

7^nf. *}<^-g- av^^ o. ^ 3.3.3. 7 pq^ y>^ ( at-ai^-o, A^s]^ 

% v 4 s ofl-I- 1-^, Ga 2 0 3 , A1N, A10N, Ta0 x , ZrO x , Mg0 x ^ o}t}. <^ 7 ] 

*|, Ga 2 0 3 ^r 7-l7i%^ 7>^1^ ^ MR-IR^ ^JUr ^ oiji, A1N, A10N 

Mg0 x ^ T^UK ^ f^nV 7^5^ 7>Xl^ ti>^, ^ofl *>^7> 
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<13> 4^1, ^JL^Rr 4^1^ A o V ^tb ^2fl 7l#^ ^-^l^^r 7^t}7) 

<#Jr^ ^£2}- ^ MR ^-i: *>7l*|^- ^7} ^ ZL 

^ ^ ^] 

<14> ^-71 7l#^ 4*11* ^*>7] 

<15> y>7 0 V^^ i Jl^#, E") a ^ ^ *}4H§^ 7>7)7^J- ^5:^11- 3L#^ *g 7> 

7l i*Hl 5^1, 

<16> ^7) Ei^^ Nb x Ali- x 0 y (0<X<l, 0<y<D* S^SRr E| ^ 7>7]7^%V ^7># Tfl 

<is> igj-^ofl oi^^ , ^ 7>-$-#£- NiFe 5E^r CoFe« £W^r ^^<L£- 

<19> M. ^ofl 9X°]^\, A o V 7l 7>7] 7,-1 %> ^*ll^r 7l^ofl «5>7l # ^ ^3^^ ^-ofl ^ 
^^Al *lnf. 

<20> ^oflA^ ^7 0 MH^ ( JL^#, E^ £ *KH§^ 7>7l7-^J- 

1- i^Rr E-1^33 7>7] 7^ 4l7|ol aV^oll o^.^, 

<21> a o i- 71 Nb x Ali- x O y (0<X<l, 0<y<l)# it^^ ^^Itt #711 

^ E^^ 7>7l ^ ^7-}^ 7\)^^_ 

<22> Jg. i^-rgofl ol^H, ^-71 7>7l ^ ^ ^S^ll" ^ ^ A] ?j ^ ^£r, 
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<23> ( 7 » 7^ -S-ofl S>#7>}^#,§- ^*l?l^r #31; 

<24> (q.) Aj- 7 | &?W§%- -a-ofl « 0 >^0l JT.^ ^^^71^ ; 

<25> (cf) # 7 | ZL^# ^-ofl Nb x Ali- x 0 y (0<x<l, 0<y<l) ^ ^f-fr ^^l?l^r #3] ; ^ 

<26> (ej-) av 7 ) Nb x Ali_ x O y (0<x<l, 0<y<l) ^ofl T^^ol ^s^}^ *Hr^ 

# ^ v *Rr i^Rr ^* f^AS. tb4. 

<28> a o v 7 ] ^ Nb x Ali- x (0<x<l)#-i- ^1; ^ 

<29> a o > 7 i Nb x Al 1 - x (0<x<l)#^l tfl^fl 4>3J- ^|e]o11 $)n Nb x Ali- x 0 y (0<x<l, 0<y<l) E) ^ 

<30> t£^ofl 5-l°H, Aj-7] Nb x Al 1 _ x 0 y (0<X<l, 0<y<l) E-i e. ^f^r ^ofl o)f$\ 

<32> £ 2a £ 2fxr *Hl tfl*l ^6^^^^ ttj-^- E|^ ^>7l7^> ^7>1- 

4 ^F-n-# ^€ Nb x Ali_ x 0 y (0<x<l, 0<y<l)l- i^-*H 

<33> £ 2a^ ^ ^<>fl ^ A|-7l7l%V ^fS^ ^7j-7Hj#ol W>c4-Tg^ u>^£]^ y> 

^(bottom)^S# M-Ef^fl ^ojcf. 
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<34> >fli^Alofl6fl 4^. Ei^iy *>7l*1^ db^fe 7l^(Dl£AD #ofl IrMn 

7>5)-«K 1:0 l Jt^fe -H^#<>1 #7] ^f^tf. Ziejjl, #^-o|] 

Nb x Ali_ x 0 y (0<x<l, 0<y<l) E^ ^#o] ^^tf. #7] b\ ^ ^^1^ ZL 7>S)- «J- 

%H ^ 7>7l# €^H1 3*fl ^£4. a)7}*\, JL^3\- *}%-^ 
CoFe NiFe^ ^ 7j*}^ 

<35> J£ 2b^ ^7>^#ol ^Jfofl tg^s} ^-( t0 p) •& ^ofl *V E] ^ 

Nb x Al 1 _ x 0 y (0<x<l, 0<y<l) Ei^ «£#*H^oj ^^o.^ 

<36> £ 2c ^ ^ofl ^>7l^U V ^7>S] ^13^A1^1- Uj-E]-^ ^AS, ^ 7fl ^ 

^ ^ ^ E^ ^ f2f 7>^Cf. ^, 1 

^ 2 ^Aj^ofl 4« 7>7l7^V ^7># ^rsY ^2_5L*1 , 

^ ; 3-7l-^#/7>^^/ N5xAll _ x0y ( 0<x<1) 0 <y<l) ^-^^/7H^/Nb x Al 1 _ x 0 y (0<x<l, 0<y<l) 

^-^#/7>^#/^V7l-^#ol ^-^O.^. ^Sf 7>^Cf. 

<37> £ 2d 5L 2e^r *}^#/R u /7H^£] ^ ^(synthetic structure^} ^-<y^ 

<38> £ 2d!" *\)4^A]d\)6\) ^ E|^^ X}?}*]^ ±^ , ^ ^ ^>7j- 

^#/7>^^/Ru/7>^#/Jl^^/Nb x Ali- x 0 y (0<x<l ) 0<y<l) ^#/7>-3-#^ f2f 7>*14. 
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^^/^#/Ru/^^/Jl^^/Nb x Ali- x O y (0<x<l, 0<y<l) ^%/7\^%-°\ 7}^. 
<39> £ 2f^ *fl6*UHH tr)-s. ^>7l^%V ^xfl- q-EfMi 5.^ 

o] x}o)d\) o)is}. ^rE(pseudo) ^ tJ± 7}^f7Nb x Ali- x 0 y (0<x<l , 0<y< 1) ^ 

<40> ^HH 4€- Bl^^ ^>7l^%> 4i*Kr Nb7> wl^rS. 

Nb x Ali_ x O y (0<x<l, 0<y<l) ^ ^<£*}JL ^ ^ ^-ta^o_ 

<41> £3^^ ^Al^ofl rtf^ E^^ 7f7l7^ 0 V *fl 2: fj" -g- l^Ef^fl *>H. 

<42> Si4 ^ ^>^^>J1 7}# tfofl ti>7j-^#^- ^S^t}.. OLE] JL , ^7} 

^7>^^ ^oll Jl^^ ^®tH ^101^7^1). .H^#^ ^ofl Nb ^Sr Al 

Nb x Ali_ x (0<x<l)NbAl#-§- #7] Jl^^ 
ofl ^AmcK *fll03#7ti). «>#7}^#£: IrMn^ ^ °l-g-*H t , 

^#^r NiFe, CoFe ^ ^zJHl ^B] ^}-g-£l^r °l-8-«M *r 9X^. 

<43> ZLSlJl, £ t^s] #^-g- Nb x Al i- x (0<x<l) ^ 2^ Al b)- 

35 611 ^ 37]^ Nb ^ ^ 1- ^ sa^. ^r, Al =§^-g- Ej-^W Nb 

€*Hr 3^ ^ ^MM^ =L S^-i: *^3H, M ^°]^7\ ^ 
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< 44 > Nb x Ali_ x (0<x<D* is]E^ ^Hl Jl^^ ^^Al^l ^, Nb x Ah- x (0< 

x<l)#<Hl tfl*fl #3* *H Nb x Ali_ x (0<x<l)^ ^>S}-^m 4.(^1105^: Tfl). ^.^^1, 

Nb x Al 1 - x 0 y (0<x<l, 0<y<l) ^ ^^^1^1 n ^#-4- ^W(*Hl07# 

711). ^7]*\, *}-fr#£r :n^#*r # ^o. A}-§-*l-cn| ^^a]^ ^ ^o.^, <a«V^^ 

NiFe, CoFe n^Jl, ±^ ^1» 1-^ 200°O500°C^ ^-M*! <l*i 

e)» (*11109#7}1). #7ltr *>7l*i*J- ±^ ^*\S>-5. °] 

-g-*H= ^ t$s$ ^o]) rtj-l- ^ ^o.^, £ M^*Kr *Krf\ Nb x Al 1 _ x (0<x<l)^, JL^%$\ 

^ ai ^s. *}zl^ih^: -^-a- ^1-8-*} 53 4. 

<45> oler}, s. 2a^l M"^^H ^ ^ ^>7l^%V i^HH ^ ^S^oll cflsfl ^ 

<46> viz], Nb x Ah- x O y (0<x<l, 0<y<l) e^ #^ihg- *>7l e^^ ^-(MTJs) 4 £ 

(gun) RFCRadio Frequency) °r^1lH€- °l^-*>^ ^WrSl^r. 7l^o.S.^ *l-g-°l 

200nm ^-t]:^r^i-(Si02) °1 ^ Si(100) 31 °1 ^1 1- ^>-§-*>^ , ^ ^1^1 i£7l 

^S-tt 5540" 7 Torr °1*}S. -fr*\is}$X^ . 
<47> ^Aj A ]7l^ ^l 5 ^ t 1 ^* ^s);^, Si0 2 

/Ta(5rim)/CoFe(17rim)/IrMn(7.5rai)/CoFe(5rim)/Nb x Ali- x -0 y /CoFe(5rini)/Ta(5n^ <q 7 )*\ , 

Nb ^ S^ol o.9% ^7}Z}±= Q&Slv], 27fl<^ Nb A Hi ^MMtl 

^•^ 1.8%, 107flSl ^ -^-^1^1 ot 9 %ol Nb 2^*11- ^ 5U&i=f. 
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<48> Nb x Ali- x 0 y (0<x<l, 0<y<l) ^*fl, 0.5 ~ 1.8nm ^JE^ *T-v\}S- Nb x Ali- x (0 

<x<l)NbAl#* ^Hl ^, Aflt^ iflJjLofl ^ 7}if ^^^l^q-. zle] 

-H, 3>10- 6 Torr o]*}-^ «g^*HH «f 10£-*> 250°C^ -&S.3. 

^l^H Nb x Ali_ x 0y(0<x<l, 0<y<l) ^^>534. 
<49> £ 4a j£ 4b ^ ^^b] ZLS|JL l^e] #3HH S^-ir igSH^H 

E^*g *}7l*l*J- TMR ^r-g- ?A^r ZL^^S. M-Ej-vfl ^Ojcf. 

<50> £ 4a* ^-S^, Nb ^ Alf^] 2 7fl vfl*l 127fl^ ^ -^-^1^1 

^E^d}, ojnflo^ S^yl^r <$r 2% vfl^l 20%?}*1 18% ifl*l 

25% A>olo] TMR ^o] M-B(-q-ir Si-g- ^ °H1 <M ^ 250TC°1M 10g-# I^Bl* 

^-f^ ^^-y £ 4b* ^Ji'S, TMR «l7> 23% ifl*l 38%^1 ^7>*>^- ^ &cj-. 

<51> 5. 5a ^ 5b«=Hl^^ 1^5] E^^ X}7] ^}9] 2:^ oil ^ ^ M-Bf 

\fl £ °] E-| *V ^Efl^ ^ >7l ^J. yj^fl ufl o. ^ T^J-^* M-Ej-^^ 

^ ^>7l ^ ^^ol -g-g-A] ^tg- #ol ^7)1 S]^, ^ ^ofl 

<52> ^- 7 ]*V ^oflAi A>^Vo] ^^O.S 7l^flS)<H $X^, =L^£r ^3 «3r^ 

^ ^H^Ui^, ti>^^ ^Hl^ oflAlSA] Sfl^SHo) nfl.g-ofl i^o) 

^Al^ofl o}*H ^#><^ ^ ^o] o>u|i J^^^^H 7l^€ 7l#*} A>Aj-ofl o^sfl ^ 
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<53> 32- ^ofl Sl^, *>7l g-^-fr E^ ^ ^ofl A>-g-*> 
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«J:#*M3#, 3^*8 ^ *MS-f^ *>7l*1* T^Sfl* 3L^*Rr 3^*8 

<SM E-l^^ Nb x Al 1 _ x 0 y (0<x<l, 0<y<l)-ir S#*Rr 3^*8 

2] 

*ll l %H1 SH-M, 

#7l «VW^#^r IrMn-g: *g>£€ 4f^o.S. B^M^J 7\7] ^ ±x\ . 

3] 

*o i *<hi sa<H^, 

A oM 3L^% ^ *Mf^ NiFe Stt CoFel- It^fe 3J-§: ^^SLsL 7\7] 
^-71 7>7] ^ ^2:^1 fe, 
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5] 

^#*M3#, -n^^, eJ^*8 ^ *Mf-#^ ^>7]^*J- ^a&ail* £tt}b 7}- 

^■71 Ei^^ ^ Nb x Ali- x 0y(0<x<l, 0<y<l)# *§^l7l*r ^1:1- S.Htt 

^O-S ^ ^>7l 7^%V ±7} 9] ^ . 
[^T 1 * 6] 

all 5%H1 SH^, 

(MO ^71 ti>^>^# -S-ofl «j.^ol J7^£] JL^^S: ^^Al7l^ #7}]; 

( tj-) -H^^ -S-cfl Nb x Ali- x O y (0<x<l, 0<y<l) E^^ #31; ^ 

(21-) A oM Nb x Ali- x 0 y (0<x<l, 0<y<l) E-l^^ ^Hl tW^o] igSj-7}^*}: *|-8-# 

£ f^*Rr #31;» 3E^>^ 3^ ^£-5. Ei^ 7>7l7i* 0 V ^7>o] TflS « 0 >^. 

[^t 1 * 7] 

A o v 7l (M-) #7fe, 

-8-71 Nb x Ah- x (0<x<l)#.# S-M^fe #7^1; ^ 

^7l Nb x Ali_ x (0.<x<l)^<Hl tfl*fl ^VS)- ^&)ofl o^sfl Nb x Ali_ x 0 y (0<x<l ( 0<y<l) E^ 
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8] 

-*7l Nb x Al 1 - x (0<X<l)#^r ^SjE^ ^ofl ^^A]7l^ ?A%; ^ g] ^ % 
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1] 

AlOx 



[.£ 2a] 

NbAlOx 



[-£ 2b] 

NbAlOx S-^S 



[£ 2c] 



NbAlOx 
NbAlOx g-^j % 
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[-E 2d] 

NbAlOx 



-I— CD o 



Ru 



2e] 



Ru 



2St 



NbAlOx 



2f] • 



NbAlOx S-^ H 
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3] 
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NbAI-g — 1 03 



CH 



— 105 
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109 




6 8 
Nb chip 



12 14 
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4b] 
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5b] 




Nb chip 
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